Background: Cardiovascular disease including ST elevation myocardial infarction (STEMI) is increasing and the leading cause of death in China. There has been limited data available to characterize STEMI management and outcomes in rural areas of China. The Henan STEMI Registry is a regional STEMI project with the objectives to timely obtain real-world knowledge about STEMI patients in secondary and tertiary hospitals and to provide a platform for care quality improvement efforts in predominantly rural central China.
Background
With the effect of changing lifestyles and an aging population, prevalence of cardiovascular disease is increasing in China, with estimates of 290 million individuals being affected by the disease [1, 2] . Nowadays cardiovascular disease is the leading cause of death in China [3] [4] [5] , and cardiovascular mortality in rural China has been higher than that of urban areas since 2009 [1] . ST elevation myocardial infarction (STEMI) is one of the most severe cardiovascular diseases. Though new interventional techniques in percutaneous coronary intervention (PCI) and new guidelines-recommend drugs have been developed in last 20 years, large gap existed between clinical practice and guideline recommendation [6, 7] .
The China Patient-centered Evaluative Assessment of Cardiac Events Retrospective Study of Acute Myocardial Infarction (China PEACE-Retrospective AMI Study) which included 13,815 patients with STEMI from 162 hospitals over 3 years (2001, 2006, and 2011) , found that the administration of PCI was increasing in China, and estimated national rates of hospitalizations for PCI had increased by 21-fold from 2001 to 2011 [8] . However, there was no change in the proportion of primary PCI (approximately 30%), early reperfusion and in-hospital death in 2001-2011 [7] . China Acute Myocardial Infarction (CAMI) registry showed that symptom-onset-toballoon time in patients with STEMI undergoing primary PCI was longer than that in registry studies from other countries [9] .
Henan is the most populated (94.4 million in 2015) and predominantly rural (55%) province in central China [10] , with a high burden of cardiovascular disease [5] . Our survey conducted in 2012 showed that only 35.1% of STEMI patients received early reperfusion, and fibriolysis was the primary reperfusion therapy (29.2%). In-hospital mortality was 5.8%. Moreover, for patients who didn't receive reperfusion, doctor's decision (29%), missed 12-h window (26%), patient refusal (20.4%), and age more than 75 years (15.5%) were main reasons [11, 12] .
Based on the results of China PEACE-Retrospective AMI Study, China has begun to place more emphasis on STEMI care. In 2013, the chest pain centre (CPC) certification system just began to be established, and three national multicentre clinical trials on STEMI were initiated in 2011-2014: (1) The China STEMI Care Project, aimed to increase the early reperfusion use by establishment of regional STEMI care network, was initiated in 15 provinces including Henan [13] ; (2) The Improving Care for Cardiovascular Disease in China -Acute Coronary Syndrome (CCC-ACS) project, a national hospital-based quality improvement program, aimed to increase adherence to ACS guidelines in China and improve patient outcomes, enrolled 150 tertiary centres across China [14] ; (3) The CAMI registry, the largest national long-term registryresearch-education platform for surveillance, research, prevention and care improvement for AMI in China, including provincial, prefectural and county-level hospitals [15] ; All these studies were conducted in Henan province. In the last 5 years, 21 regional STEMI care networks have been initially developed in Henan. And the number of CPCs has been increased from 6 (1 secondary hospital, 5 tertiary hospitals) in 2016 to 43 (13 secondary hospitals, 30 tertiary hospitals) in 2018. The STEMI promotional videos are broadcast on major television stations and public welfare propaganda on STEMI treatment such as Myocardial Infarction Care Day on November 20th, is held to let the public know call 120 on case of chest-pain onset, and open the occluded coronary artery within 120 min of symptom onset.
However, it is unknown whether the reperfusion rate and mortality of STEMI are improving after the above improvements in central China. Until now, there is no representative long-term registry program for the patients with STEMI in predominantly rural areas of China. Therefore, we designed and launched Henan STEMI registry, a regional registry of the hospitalized patients with STEMI as an integrated research and hospital-based quality improvement platform.
The overall objective of Henan STEMI registry is to timely obtain real-world knowledge about STEMI patients and to provide the platform for care quality improvement efforts in central China. The specific aims of Henan STEMI registry are to: (1) assess management practices, time delays, outcomes in consecutive STEMI patients in reperfusion-capable hospitals, i.e., tertiary and secondary, in Henan province; (2) find gaps between clinical practice and guideline; (3) improve the use of evidence-based guidelines through the feedback of the key performance indicators (KPIs).
Methods and design

Study design
This is a multicentre, prospective and observational study for STEMI patients, which is aimed to collect all clinical information related to symptom onset, diagnosis, treatment and prognosis. STEMI patients within 30 days of symptom onset in secondary and tertiary hospitals were consecutively enrolled, and followed within 1 month, 6 months and 12 months of symptom onset.
The registry is organized and conducted by Zhengzhou University People's Hospital. The organizational structure of Henan STEMI registry is displayed in Fig. 1 . The principal investigator (PI) is responsible for all aspects of the registry, including the study design, conduct, and report of the registry. The Scientific Committee composed of PI and academic experts are responsible to design the registry, supervise data collection, registry operation, quality control, and data analysis. The members of Executive Committee consist of PIs of each participating sites, and manage the execution of the registry. Henan Institute of Cardiovascular Epidemiology (Henan ICE) is in charge of data quality evaluation, data checking, analysis and management. Each local PI appoints a research coordinator to help investigators enroll the patients, collect and submit data.
Site selection
According to the measures for the hospital classification management by the Chinese government, hospitals are classified into three grades. Primary hospitals are community hospitals or township health centres with only the most basic facilities and very limited resources to serve inpatients, and do not provide reperfusion therapy. Secondary hospitals have at least 100 inpatient beds and the ability to provide acute medical care and preventive care services to populations of at least 100,000. Tertiary hospitals are major referral centres in provincial capitals and major cities. Therefore, secondary and tertiary hospitals as reperfusion-capable hospitals were included in this STEMI registry.
There are five practical levels of local government: province, prefecture, county, township, and village, according to Chinese administrative divisions. And public hospitals were founded following this structure and provide the majority of health care. Totally, there are 17 prefectures and a city direct-controlled by the province in Henan province, and in each of prefectures there are some counties. The Henan STEMI registry included one provincial-level academic hospital (tertiary hospital); and in every prefecture, this registry included one to three prefectural-level hospitals (tertiary hospitals) and 1 to 10 county-level hospitals (secondary hospitals). If the local PI was willing to participate in the project, the site would be included. These three levels of hospitals reflect typical Chinese governmental and administrative model in China.
Totally, with 16 hospitals excluded due to noncompliance with continuous enrollment or no patients enrollment, there are 66 participating hospitals (50 secondary hospitals; 16 tertiary hospitals) that cover 15 prefectures and one city direct-controlled by the province in Henan province, which is to assure a broad representation of hospitals across different levels, with broad coverage of geographic region, rural and urban areas of Henan (Table 1 , Fig. 2 and Additional file 1).
Patient population Inclusion and exclusion criteria
Patients whose primary diagnosis was STEMI within 30 days of symptom onset were admitted consecutively according to the number of patients scheduled to be enrolled in the agreement signed with each sub-centre, and enrollment could be stopped if the centre completed the target number of cases.
STEMI was defined in accordance with the universal definition of Myocardial Infarction (2012) [16] , specifically as persistent ST-segment elevation (≥ 0.1 mV at J points) in 2 or more contiguous leads or new onset of left bundle branch block. Furthermore, according to the classification of myocardial infarction, types 1, 2, and 3 and types 4b and 4c are included in the present registry. Types 4a and type 5 are excluded from the Henan STEMI registry.
Data collection
Clinical data are collected via a secure, passwordprotected, web-based data collection platform developed by Zhao Rui Corporation (http://117.159.29.146:18999). Each hospital is responsible for its own data collection and reporting, and trained investigators enter the data elements abstracted from medical records. Data elements collected include patient demographics, medical histories, risk factors, pre-hospital information, laboratory and imaging results, in-hospital treatment, reperfusion strategies, medications, clinical events, cost and follow-up information (1-month, 6-month and 1-year) ( Table 2) . Each patient will be assigned a unique ID identified through patient ID number to ensure no duplicate data input and be used to data query and revision and track post-discharge follow-up. Site investigators are required to collect all the data during the hospitalization and submit the completed electronic case report form upon the patient's discharge or death. Face-to-face 
Data management and quality control
The kick-off investigator meeting and first training workshop were held on 26 August, 2016. At this meeting, all investigators received detailed training on the protocol, standard definitions of the elements, webbased software system, data collection and data entry procedures. And a We Chat group was established to facilitate communication and solve problems related to the study. Data accuracy and completeness of Henan STEMI registry are mainly ensured by the following 6 strategies: 1) Diagnosis of STEMI is according to the third universal definition of myocardial infarction; 2) Before registry, a training program on study objectives, data collection, and STEMI management is given to the primary investigator and related staff at each participating centre; 3) Real-time automatic logic and range check on the completeness and validity of the data are integrated in the data entry system to control basic data quality. Henan ICE regularly provides data quality checks and sends queries for illogical, invalid or missing data elements to participating hospitals to review and revise. 4) Participating centres who have the high error rate of data, and no response to the queries in 6 months shall be deemed abandoned automatically; participating centres who have the high quality of data will be issued certificates to reward; 5) Henan ICE checks the consecutiveness of all cases in every participating site, and regularly monitors at least 10% of reported cases for accuracy against medical records randomly. If the reported cases are not completed with 98% accuracy, all reported cases are considered unqualified and this investigator will be retrained; 6) Investigator meeting will be annually held to conclude the progress, solve existing problems and strengthen program training.
Study outcomes
The primary outcome in this study is in-hospital allcause mortality. The secondary outcomes include allcause mortality in 1 month, 6 month and 12 month, and main adverse cardiovascular and cerebrovascular events (MACCE, death, congestive heart failure, reinfarction and ischemic stroke) during the hospitalization.
Quality of care assessment
In Henan STEMI registry, performance measures were developed to measure the quality of care for STEMI patients based on the class I recommendation of guidelines for STEMI [17] . The KPIs presented in the monthly reports consist of primary and secondary performance measures. There are 18 primary performance measures, including 7 for acute treatment (aspirin at arrival, P2Y12 inhibitor at arrival, arrival by emergency ambulance, early reperfusion therapy, time to fibrinolysis, time to primary PCI, and evaluation of left ventricular function), 8 performance measures at discharge (aspirin at discharge, P2Y12 inhibitor at discharge, statin at discharge, β-blocker at discharge, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker at discharge, in-hospital all-cause mortality, in-hospital death or treatment withdrawal, and in-hospital MACCE), and 3 performance measures for follow-up. There are 7 secondary performance measures (Table 3) .
Hospitals receive monthly quality reports on the KPIs, summarized and compared against a variety of internal and external benchmarks. Internal benchmarks include the trend of performance measures over time. External benchmarks are intended to provide reasonable performance thresholds of all participating sites to help identify areas for potential improvement of care quality. Hospitals can download the reports from the online platform, accessed with a username and password.
Sample size
The sample size determination for the study is based on the previous survey data [11] . We determined the sample size for describing the primary outcome, inhospital mortality, which we had estimated to be ≈6.0% in secondary hospitals and 5.6% in tertiary hospitals. To achieve a power of 80% with a two-sided type I error of 0.05, we estimated a requested sample size of 2500 for each class of hospital.
Statistical analysis
Investigators will report summary statistics for patient characteristics, delay time (symptom onset-to-first medical contact (FMC), FMC-to-reperfusion), patient referral (time and means of transportation), treatments received and primary outcomes, and compare these indexes between secondary and tertiary hospitals. The prespecified subgroup analyses mainly include but are not limited to age, gender, Killip class, time to first medical contact, infarct location, history of hypertension, diabetes or smoking and thrombolysis in myocardial infarction risk score. Statistical analyses are performed using SAS 9.4 (SAS Institute, Cary, NC, USA). 
Trial status
The first participant was enrolled in September 2016. As of August 2018, 5479 patients of STEMI have been enrolled and recruitment has been stopped. Follow-up is planned to continue until September 2019.
Discussion
Henan STEMI registry is a regional platform for clinical research and care quality improvement on STEMI. This registry is helpful to get the knowledge of real-world treatment and outcome of patients with STEMI in rural central China, to expand implementation of the guidelines though the feedback of KPIs, and moreover, to provide scientific data for policy making.
China, with its vast landmass and large population, has the unbalanced economic development. Henan, located in central China, is a microcosm of China's economy. However, limited data is available on the treatment status of STEMI in the rural areas besides national studies [6, 18] . Henan STEMI registry provides a chance to fully understand the real-world management and long-term outcome of STEMI patients in rural China. Only tertiary hospitals were included in the China STEMI care program and CCC-ACS projects, and 6 secondary hospitals in 10 hospitals in Henan province participated in CAMI registry. Whereas 50 secondary hospitals are included in Henan STEMI registry, therefore Henan STEMI registry is the largest STEMI registry in rural areas of China.
As a big difference on medical care resources of AMI exists between different-level hospitals [19] , comparison between secondary and tertiary hospitals in Henan STEMI registry would summarize the gaps between the current status of hospital treatment at different levels and current guidelines, analyze the influence factors of not receiving early reperfusion therapy and mortality, and develop measures to promote early reperfusion therapy and reduce mortality. We undertook a survey on the reperfusion treatment and in-hospital outcome of STEMI patients in 2011-2012, so comparison between different time periods could better illustrate the improvement and summarize appropriate improvement strategies in rural areas. Meanwhile, we would make comparison of relevant studies at home and abroad. Subgroup analyses in age [18, 20, 21] , sex [22, 23] , heart function [24] , time to first medical contact [25, 26] , infarct location, complicated with hypertension, diabetes or smoking [27] , and risk score would be made to provide more information for cardiologists to pay attention to special populations and reduce treatment differences. Moreover, risk estimation model would be explored to identify risk of in-hospital mortality in rural areas [28, 29] . This registry could contribute important scientific questions for further clinical research.
Henan STEMI registry is also a platform for care quality improvement on STEMI in predominantly rural central China. In the last 10 years, there has been great progress in the treatment of STEMI, such as PCI and lots of guidelines-recommend drugs. However, secondary hospitals often has limited resources [19] , for instance, lack of interventional cardiologists and equipment, and fewer opportunities for guideline training, whereas they are always the hospitals where the first medical contact of rural STEMI patients are made, so care quality improvement in rural areas is an urgent need. We use the data of Henan STEMI registry to give the feedback of KPIs to help cardiologists get the knowledge of the gap between practice and guidelines, and further enhance their consciousness to give the guideline-recommend treatment. Moreover, most tertiary hospitals in this registry, participated in During the Henan STEMI registry, patients get a chance to get full knowledge of the STEMI, choose the proper healthy lifestyle, and keep better compliance to drug treatments. And the administrative departments of hospitals or health authorities could improve the system quality of care for patients with STEMI through the results of the registry.
The Henan STEMI registry is distinguished that it is a large multicentre, prospective rural STEMI registry, which is also platform for care quality improvement on STEMI. These help to comprehensively get the knowledge of real-world practice care, outcomes, and cost in rural central China, and facilitate the translation of study findings to improvement of quality care for STEMI in rural areas. In this registry, a one-year follow-up is given to dynamically observe the change of medication use, care, and outcomes for patients with STEMI over time.
Costs during hospitalization are also collected to analyze cost-effectiveness and burden for STEMI patients.
There are several limitations that should be considered. Two prefectures named Luohe and Anyang did not participate in this registry for various reasons. However, we believe our registry will reflect the routine clinical practice of STEMI care in central China for the representativeness of other 16 prefectures included in our registry. In addition, the data collection burden for investigators may be the greatest barrier to the registry that may lead to some enrollment bias. We have carefully considered each element to limit the burden and have quality control measures in the registry.
Conclusions
This registry represents the largest Chinese regional platform for clinical research and care quality improvement for STEMI. The board inclusion of secondary hospitals in Henan province will allow for the exploration of STEMI in predominantly rural central China. The results may be useful for cardiologists and police-makers in the world-wide rural areas.
